An idiopathic capillary leak syndrome ("engraftment syndrome") often occurs in recipients of hematopoietic cells, manifested clinically by transient azotemia and sometimes fever and fluid retention. Here we report the renal pathology in 10 recipients of combined bone marrow and kidney allografts. Nine developed graft dysfunction on day 10-16 and renal biopsies showed marked acute tubular injury, with interstitial edema, hemorrhage and capillary congestion, with little or no interstitial infiltrate (≤10%) and marked glomerular and peritubular capillary (PTC) endothelial injury and loss by electron microscopy. Two had transient arterial endothelial inflammation; and 2 had C4d deposition. The cells in capillaries were primarily CD68 + MPO + mononuclear cells and CD3 + CD8 + T cells, the latter with a high proliferative index (Ki67 + ). B cells (CD20 + ) and CD4 + T cells were not detectable, and NK cells were rare. XY FISH showed that CD45 + cells in PTCs were of recipient origin. Optimal treatment remains to be defined; two recovered without additional therapy, six were treated with anti-rejection regimens. Except for one patient, who later developed thrombotic microangiopathy and one with acute humoral rejection, all fully recovered within 2-4 weeks. Graft endothelium is the primary target of this process, attributable to as yet obscure mechanisms, arising during leukocyte recovery.
Introduction
HLA-mismatched kidney transplantation without maintenance immunosuppression has recently been described in a cohort of 5 patients from our institution (1) . This clinical protocol was based on non-human primate studies demonstrating that allograft kidneys can be accepted following induction of transient mixed chimerism in which donor and recipient hematopoiesis coexist (2) (3) (4) (5) (6) (7) (8) (9) . During these studies, and in follow-up studies in five additional patients, transient acute kidney injury (AKI) accompanied by a capillary leak syndrome (CLS) beginning about the 10 th post-transplant day was observed in nine patients, a phenomenon not observed in preclinical trials.
CLS or engraftment syndrome (ES) has been reported in patients receiving autologous stem cell or allogeneic bone marrow transplants (BMTs), a condition occurring during neutrophil recovery, as described by Spitzer and colleagues (10, 11) . Varied manifestations include fever, rash, pulmonary infiltrates, fluid retention, diarrhea, and hepatic injury and AKI (10) (11) (12) (13) (14) (15) (16) . ES may be independent of graft versus host disease and a host-versus-graft reaction (10, 11, 17, 18) , but its pathogenesis is unknown. AKI in the first 3 months after allogeneic or autologous hematopoietic cell transplant has been attributed to drug toxicity, infection or ischemia. However, the pathologic changes in kidney biopsies have not been extensively studied in hematopoietic cell transplantation recipients (19, 20) . In particular, we were unable to find reports of autologous renal pathology in association with ES.
Since the previous report of patients from our institution (1), five additional patients have been enrolled into a similar kidney/BMT regimen. All experienced a condition resembling ES. Here, we report comprehensive studies characterizing the pathologic processes in kidney biopsies obtained during this syndrome
Materials and Methods

Patients
Ten allograft recipients in two sequential Immune Tolerance Network (ITN) sponsored, Institutional Review Board (IRB) approved trials underwent simultaneous kidney/BMTs from parent or sibling donors mismatched for one human leukocyte antigen (HLA) haplotype. The five patients in the first trial (1) received a conditioning regimen with cyclophosphamide (60 mg/kg on day -5 and -4), anti-CD2 monoclonal antibody (MEDI 507, MedImmune, Gaithersburg, MD), rituximab (patients 4-5) (Biogen Idec, Cambridge, MA, and Genentech, South San Francisco, CA), thymic irradiation and post transplant cyclosporine [previously described (1) ]. The subsequent 5 recipients received more intensive rituximab treatment and tacrolimus instead of cyclosporine. Donor/recipient chimerism was monitored with flow cytometry. (1, 21) 
Histologic assessment
Kidney allograft tissue obtained by percutaneous core or open wedge biopsy was processed for light (LM), immunofluorescence (IF), and electron microscopy (EM) by standard techniques. C4d deposition was evaluated using a monoclonal antibody to C4d (clone 10-11, Biogenesis, Sandown, NH) (22, 23) . The results were compared with kidney allografts from recipients on conventional regimens at the same time post-transplant (10-12 days), with normal transplant function (n=6) or acute tubular injury (ATI) (n=5), and biopsies with acute cellular rejection, Banff type 2 (ACR2) (n=5), obtained from our biorepository. Immunohistochemistry (IHC) was performed using Ki-67 (MIB-1, DAKO, Carpinteria, CA) CD68 (KP1, DAKO), CD3 (A0452, DAKO), CD4 (1F6, Biocare Medical, Concord, CA), CD8 (SP16, Biocare), CD20 (L26, DAKO), NKG2D (3.1.1.1, Millipore, Billerica, MA), CD34 (My10, Becton-Dickinson, San Jose, California), CD31 (JC70A, DAKO), myeloperoxidase (MPO, ab15484, Abcam, Cambridge, MA) and C4d (12-500, American Research Products, Belmont, MA). XY fluorescence in situ hybridization (FISH) was performed on gender mismatched cases to determine leukocyte and endothelial cell origin (detailed methods in supplemental material).
Statistical analysis
Statistical analysis was performed in Microsoft Excel and SAS JMP version 8.0 (SAS Institute, Cary, NC). A p value of <0.05 was accepted as a significant using two-tailed ttests.
Results
Nine of 10 patients developed AKI in the second week after kidney/BMT, manifested by a creatinine (Cr) rise and sometimes fever and fluid retention, features compatible with ES (Table 1, Figure 1 ). This occurred in association with a circulating leukocyte count nadir, when donor hematopoietic cells were disappearing and recipient cells were recovering ( Figure 2 ). Donor cell chimerism in the blood peaked at day 7 and was undetectable after 14 days by flow cytometry (24) . Flow cytometry showed a transient upregulation of CD25 + among CD8 + T cells during the peri-transplant period (Figure 2 ). (Table 1) Renal biopsies were obtained 10-16 days post-transplant (11.9±2.0 days) when the Cr was 1.4-9.0 mg/dl (3.4±2.4 mg/dl). Routine LM (Table 1, Figure 3 ) showed marked ATI with flattened tubular epithelial cells, vacuolization, nuclear and brush border loss, and occasional tubular mitoses in patients diagnosed with ES. ATI was often accompanied by interstitial edema and hemorrhage. Peritubular and glomerular capillary congestion were most prominently seen as a red blood cell "stasis" or "sludging" in PTCs. Occasional mononuclear and polymorphonuclear cells could be appreciated in peritubular and glomerular capillaries. In contrast to typical findings in ACR2 controls, these biopsies had minimal or no interstitial mononuclear infiltrate (0% in all except one case, which had 10%) or tubulitis (none in all except two cases, having ≤2 cells/tubule). Focal endothelialitis was present in one of two biopsies from each of the two recipients 1 and 3 days apart. Patient #7 had arterial endothelial injury and mononuclear inflammation in the subendothelium in one artery on the first biopsy but not in a second biopsy 24 hours later. Patient #10 had similar lesions in two arteries only in the second biopsy. Patient #1 had a protocol biopsy taken on day 24, which was within normal limits, aside from mild donor arteriosclerosis.
Histology and Immunofluorescence
C4d was negative in 5 and rarely detected in 3 (<1% of PTC in two and 3-5% in one) of the 10 recipients by IF and IHC. Two cases (#3,5) had widespread C4d in PTC (>50% by IF) in conjunction with newly detectable DSA in their sera. The C4d pattern often had a web-like or granular quality, in contrast to the usual sharp ring-like staining seen in acute antibodymediated rejection (AHR). These biopsies both had more prominent neutrophils in PTC than the C4d negative cases and were interpreted as primarily AHR.
Mesangial IgM was present in 4 recipients (1-2+) occasionally with trace C3. Fibrin was noted in the glomeruli, interstitium, and PTCs in 2, 3, and 1 case, respectively (9) . Other stains were negative, aside from two cases with trace IgA also detected in the donor biopsy. 1 and 3, Figure 4) EM (Table 1, Figure 4 ) showed endothelial activation in PTCs and glomeruli, determined by loss of fenestrations, increased cytoplasmic volume, and increased ribosomes. In 5/8 cases, focal loss of PTC endothelium was accompanied by intravascular accumulation of platelets and fibrin. Erythrocytes were frequently found in PTCs, and extravasated into the interstitium. Glomerular endothelial cells were segmentally lost in 5 of the 7 cases with glomeruli. Subendothelial lucencies were present in glomerular capillary loops without electron dense deposits. Foot process effacement was segmentally present in 5 cases, and extensive in one. The GBM was normal in 6/7 cases. In case #7, the GBM was thinned with concurrent prominent erythrocyte stasis. The pretransplant donor biopsy and later samples had a normal GBM thickness, suggesting that thinning was due to acute distention.
Electron microscopy (Tables
Immunohistochemistry (Figures 5-8)
In contrast to ACR2, the panel of lineage markers revealed a sparse, diffuse accumulation of CD3 + T cells and CD68 + or MPO + cells in the PTC and glomeruli, with little or no infiltration of the interstitium, not appreciably different from ATI or normal biopsies ( Figures 5,6 ). CD8 + but no CD4 + or CD20 + cells were detected. MPO appeared to be mainly in mononuclear cells, rather than granulocytes. There were rare interstitial NKG2D + cells in ES biopsies, not appreciably different from ACR2 or ATI (Figure 8 ).
Quantitative studies were performed to compare the pathologic process during ES with acute cellular rejection and ATI ( Figure 7 ). ES biopsies had no more CD3 + T cells in the interstitium/PTC (77.9±47.4/mm 2 ) than ATI (79.5±98.4) or normal transplant biopsies (32.3±22.8) (all p>0.3), and significantly less than in ACR2 (341.9±87.5; p<0.0001). Counts of mononuclear cells in the interstitium included those in PTCs, since it was difficult to distinguish their location in ACR2. Similarly, intratubular CD3 + or CD68 + cells in ES did not differ from ATI or normal biopsies and were significantly less than in ACR2 (p=0.0001 and 0.0002, respectively; Figure 7 ). In contrast, glomerular CD3 + cells were higher in ES biopsies (4.8±2.3/glomerulus) than in ACR2 (2.8±1.8), ATI (0.1±0.3), or normal controls (0.1±0.1) (p=0.05, p<0.0001, and p<0.0001, respectively) ( Figure 7 ). The density of CD68 + in the interstitium/PTC in ES was highly variable (174.3±166.0/mm 2 ), but overall was greater than in ATI (97.1±90.1) and normal biopsies (30.4±27.7), a difference that was significant compared to normal biopsies (p=0.02) but not ATI (p=0.36). ACR2 had a tighter distribution of CD68 + cell density (145.8±20.1), but overall was not statistically different from ES.
One of the most striking differences between the ES and the control biopsies was revealed by Ki67 ( Figures 6,7) . The ES group showed the highest average number of Ki67 + cells in glomeruli (5.8±4.5 cells/glomerulus), which was significantly greater than all other compared groups (ACR2, ATI or normal, p=0.05,0.0088,0.0034, respectively). ES biopsies also had a greater interstitium/PTC Ki67 + cell density (387.6±151.9/mm 2 ) than either ATI or normal groups (23.5±15.6/mm 2 and 23.8±8.2/mm 2 , p=0.0025 and 0.0017, respectively). This finding did not reach statistical significance compared with ACR2 (174.9+52.7/mm 2 ). In contrast, ES had lower numbers of Ki67+ cells in tubules than the ACR2 group (22.4±28.4 vs. 72.8±38.0 cells/100 tubules, p=0.0012). Tubular Ki67 levels in ES were not significantly different from ATI (15.8 nuclei±5.7/100 tubules) or normal (8.8±9.1). The two C4d + cases had primarily Ki67 + cells in PTCs, similar to the other cases.
Attempts were made to identify the proliferating intravascular cells. CD31 and Ki67 double staining showed that only occasional glomerular and PTC endothelial cells were CD31 + Ki67 + . However, CD3/Ki67 double staining showed that most of the Ki67 + cells in the interstitium/PTC in either ES or ACR2 were CD3 + (71±18% and 82±10%, respectively) as well as in glomeruli (82±14% and 76±9%, respectively). A higher percentage of CD3+ cells in ES expressed Ki67 (78±13%), compared with ACR2 (43±16%, p < 0.01) ( Figure 8 ). ES CD3 + glomerular cells also had a high level of Ki67 expression (70±14%), although this did not reach statistical significance compared with ACR2 (53±16%). In ATI and normal biopsies, Ki67 + cells expressing either CD3 or CD31 were rare.
Antibodies to antigens expressed by endothelial cells (CD34 and CD31) revealed focal PTC and glomerular endothelial cell loss in both ES and in ACR2 cases, sometimes to a striking degree (Figure 6, 8) , confirming the EM studies. PTCs in normal biopsies showed a dense ring of staining for CD34 or CD31. In the ES cases, several abnormal patterns were found, ranging from segmental to total loss of CD34, and staining of clumped luminal material believed to be sloughed endothelial cells. CD31 also stained granular aggregates, interpreted as platelets.
Fluorescence In Situ Hybridization (FISH) (Table 2, Figure 9)
Two ES samples were studied by XY FISH combined with CD45. The CD45+ cells were all of recipient genotype. In the 7 cases studied in later biopsies, all capillary CD34+ cells were of donor genotype.
Treatment and Outcome
Based on initial biopsy interpretation and severity of the clinical symptoms and signs, during the period of neutrophil recovery, the nine patients with early graft dysfunction were given either no additional treatment (3), steroid pulses (2), or thymoglobulin ± plasma exchange (4) ( Table 1 ). The Cr peaked at 1.4-15.4 mg/dl (mean 7.6±4.4 mg/dl) on the 13 th -21 st day. As reported previously, one case of C4d + AHR (#3) was irreversible and the patient underwent successful retransplantion with standard immunosuppression (1). Recipient #8 initially improved over 2 weeks, but then developed severe arterial injury and inflammation, associated with elevated tacrolimus levels which peaked at 21.1 ng/ml 17 days post transplant, which was interpreted at thrombotic microangiopathy (TMA) and/or ACR2. Despite ATG and discontinuance of CNI, allograft failure developed over 6 months requiring reinstitution of dialysis. Recovery was complete in the remaining patients, who currently have a mean Cr of 1.5±0.3 mg/dl at 9 months to 7 years follow-up. Planned withdrawal of maintenance immunosuppressive therapy was completed in all of these 8 patients. To date, only one of these 8 patients (#10) has developed an episode of cellular rejection requiring reinstitution of immunosuppression.
Follow-up Biopsies-Protocol biopsies taken at 2 months-7 years post-transplant showed no residual of the previous ES findings (Table 3 ). There was no infiltrate, hemorrhage, or tubular injury by LM and no acute endothelial injury by EM. C4d was negative in all followup biopsies, except for recipient #4 with late onset Class II donor specific antibodies and transplant glomerulopathy (1) . One patient (#10) developed an acute cellular rejection at 10 months post-transplant after an episode of pyelonephritis and is currently on anti-rejection therapy. Two patients had protocol biopsies at 7 years: recipient #2 had subclinical recurrent MPGN, type I, and recipient #1 had a normal biopsy, aside from donor-derived mild arteriosclerosis, which had not progressed.
Discussion
This study describes for the first time the renal pathology associated with post-BMT AKI, which develops as part of what has been termed the "engraftment syndrome." The most consistent pathological feature was acute injury of glomerular and PTC endothelium. This occurred in the presence of an accumulation of dividing cells in glomerular and PTCs predominately T cells (and exclusively CD8 + ), accompanied by macrophages and neutrophils. Other changes, considered secondary were ATI and interstitial hemorrhage.
Reversible AKI (doubling of serum Cr) has been reported as a feature of the ES in about 20% of recipients of either autologous stem cells or allogeneic marrow (22) (23) (24) . To our knowledge no renal biopsies have been reported on these patients. Although the exact pathophysiology of this syndrome remains to be defined, some patients have been reported to exhibit signs and symptoms consistent with CLS, hypothesized to be mediated by various cytokines (10, 25, 26) , including TNFα (27, 28) , IL-1, IL-2 (25), IL-8 (29) , and interferonγ (30) and associated with elevated blood levels of soluble vascular cell adhesion molecule-1 (31). This condition has been termed "engraftment syndrome", since it occurs around the nadir of the leukocyte count, when the donor marrow is beginning to recover function. However, in the present situation, in which an allogeneic stem cell transplant has been conducted, the marrow that is beginning to function includes the recipient marrow, so that a more general term might be "marrow recovery syndrome (MRS)."
Our patients differ in from the published ES series, in that they also received an allograft kidney and nephrotoxic drugs. The allograft kidney necessarily suffers some degree of ischemic injury during transplantation, and alloantigens are presented by the kidney. Any of these factors may contribute to the more severe AKI observed in the present series. These considerations make it difficult to extrapolate to the pathology in autologous kidneys in isolated hematopoietic transplantation, but it is likely that fundamental similarities exist, which are augmented in our patients.
Drugs with potential nephrotoxicity were given to these patients before (cyclophosphamide) (32, 33) or after transplantation (cyclosporine or tacrolimus). CNIs cause renal failure by vascular toxicity, leading to vasoconstriction and tubular injury. We did not see isometric vacuolization, a characteristic feature of acute CNI tubular toxicity, in these patients. TMA is a rare but well documented complication of CNIs, as well as chemotherapeutic or immunosuppressive regimens that include cyclophosphamide (34) (35) (36) . One patient (#8) developed severe TMA after the ES episode, attributed to increased tacrolimus dosages. However, the biopsies in other patients lacked diagnostic features of TMA, such as arterial or glomerular thrombi. Furthermore, features were present which are not typical of TMA, such as interstitial hemorrhage and PTC endothelial injury. Thus, while an element of drugrelated endothelial toxicity may contribute to ES, that cannot explain all the features observed.
In autologous stem cell recipients, immune dysregulation and "autoaggression" have been suggested as the basis for the ES.(37, 38) Autoimmunity has been documented as a late complication of autologous stem cell transplantation (39, 40) . Usually the autoimmunity is manifested only by detection of autoantibodies, but occasionally autoimmune disease has been reported, including thyroiditis, autoimmune thrombocytopenia and myasthenia gravis (41) . The mechanism is not clear, but protracted deficiency of putative Treg cells (CD4 + CD25 + ) cells has been described (42) . In the present series, a striking paucity of CD4 cells (which would include CD4 + Foxp3 + Treg) was evident in the tissue. Few CD4 cells were present in the peripheral blood at this time (<50/mm 2 )(24), although the Treg% was enriched (T. Morokata, B. Sprangers and M. Sykes, manuscript in preparation). Similar transient acute graft dysfunction with a hypocellular infiltrate were observed 2 weeks after autologous bone marrow-derived mesenchymal stem cells transplants in recipient of allogeneic kidneys (G. Remuzzi, personal communication, 2010).
We demonstrated that proliferating T cells in the graft are a prominent feature of ES. Most Ki67+ cells in the glomeruli and PTCs/interstitium are CD3+ cells, and the Ki67+ T cell concentration is higher than that detected in ACR. This is probably a reflection of the intense expansion occurring as the lymphocytes recover. CD8 cells recover more quickly after lymphoid depletion by radiation or anti-T cell antibody, (43) and in these patients (1) . The disparate recovery can be appreciated in the renal biopsies, in that no CD4 + cells were present in the day 10-16 samples. It is of interest that peripheral blood CD8 + cells showed an activated (CD25 + ) phenotype on Day 0, suggesting that the conditioning regimen may promote CD8 + cell activation and contribute to the observed pathology. Lymphoid proliferation occurs in immunodeficient animals given mature T cells, a process termed homeostatic proliferation, a normal physiological process triggered by lymphopenia. (44) Adoptively transferred T cells that undergo homeostatic proliferation in syngeneic immunodeficient recipients trigger acute graft injury of MHC class II or class I mismatched kidney allografts in 9-11 days, which survive for 7-10 weeks in wild type recipients (44) . The graft pathology after transfer of homeostatically expanded T cells resembled ACR with CD4 + cells in the infiltrate. While the pathology differs in the present patients, we documented a higher level of T cell proliferation and profound lymphopenia, consistent with homeostatic proliferation. We suspect that, although the mechanism remains unclear, the ability to cause transient graft injury may be an additional property of T cells that undergo homeostatic proliferation in this protocol.
Allograft rejection must be included among possible causes of renal allograft dysfunction in these patients. AKI occurs just when the donor marrow-derived elements are disappearing from the circulation and the host leukocytes are returning. Thus the host may be reacting to donor antigen shared by the marrow and kidney. In support of this possibility is the presence in 2 patients of acute arterial inflammation meeting the criteria of Banff for ACR2. However, other features of ACR were absent: little or no interstitial infiltrate or tubulitis was evident and there were no more T cells in the interstitium/PTC and tubules than in ATI or normal transplant biopsies. Since both of these patients were treated with ATG (and recovered), we are unable to determine whether this was indeed a manifestation of ACR or an extension of the ES endothelial injury to arteries. The strongest argument against ACR is the spontaneous recovery without additional immunosuppressive therapy in 2 of the patients diagnosed with ES, which would be exceedingly rare in ACR and more compatible with a resolution of a transient state of hyperreactivity.
Monocytes/macrophages were present in the interstitium/PTC at levels similar to that in patients on conventional therapy with ACR2, and may be part of the mechanism of injury. Macrophages release a variety of cytotoxic molecules in the course of activation, such as TNFα and reactive oxygen species, which could contribute to endothelial injury. In immunodeficient mice, monocytes can recognize non-MHC antigens and promote an inflammatory response (45) . Transient increased cytotoxicity of monocyte/macrophages after cyclophosphamide treatment has also been documented in experimental animals and patients. For example, an increased level of cytotoxic activity (presumably TNFα) by blood monocytes has been described in patients treated with cyclophosphamide (46) . In mice, cyclophosphamide increases macrophage production of IL-6 and reactive oxygen intermediates and decreases TGFβ production (47) . Increased numbers of cytocidal immature macrophages accumulate in the spleen after cyclophosphamide treatment (48) and increased MPO positive immature macrophages with enhanced oxidant generative capacity can be detected by alveolar lavage (49) .
Two cases had strongly positive and widespread C4d in the PTC but were otherwise similar to the C4d − cases, so are probably part of the spectrum of the marrow ES. However, both patients had the new appearance of anti-donor HLA antibodies, which were not detected in the other cases, and we have to conclude that these have AHR (with or without an ES component). The regimen in the last five patients includes rituximab and tacrolimus and no AHR or C4d + biopsies have occurred.
Because of the severe endothelial injury, we postulated that recipient replacement of graft endothelium might occur, as documented in renal allografts after ACR2 (50) . However, FISH studies argue that no donor replacement occurs, or is so minimal as to be undetectable. Thus the long-term graft survival off all immunosuppression cannot be attributed to endothelial repopulation.
The optimal therapeutic strategy for ES remains to be defined. Five patients lacked features suggestive of acute rejection (no interstitial infiltrate, endarteritis or C4d). Two recovered without any change in therapy (#6,9) and two recovered after pulse steroids (#2,4). The fifth (#8) started to improve but then developed vascular lesions variously interpreted as ACR or TMA due to high levels of tacrolimus; despite later ATG therapy, the graft was lost. Two in the first cohort had positive C4d (#3,5) and were treated for AHR, with plasmapheresis, rituxan, and ATG); one recovered and one did not. Two had endarteritis at the time of presentation with ES with negative C4d (#7,10), both were treated for ACR with ATG, one with plasmapheresis (#7) and one without (#10), the latter had the tacrolimus discontinued; both recovered fully. Based on this limited experience, we believe that pulse steroids or no therapy is usually sufficient for those without endarteritis or C4d+. Those with endarteritis may benefit from ATG and minimization or discontinuance of CNI, to avoid compounding the vascular injury.
We conclude that a clinical "engraftment syndrome" occurs commonly in the combined bone marrow/kidney transplant protocol, manifested by acute renal dysfunction and sometimes fever and fluid retention that developed characteristically at the time of recipient marrow recovery. The common pathology in all of the allograft biopsies at the time of ES was acute allograft endothelial injury with little or no cellular infiltrate. Some patients had additional manifestations that suggested acute cellular (endarteritis) or humoral (C4d+) rejection. We believe that ES is caused by an attack on the graft endothelium related to immune dysregulation or the innate immune system during recovery from the profound leukocyte depletion, which leads to transient auto-or allo-reactivity by CD8+ T cells (and in some cases B cells) and accumulation of macrophages. CNI toxicity may also contribute to the endothelial injury. While the molecular mediators and optimal therapy are not established, 80% of patients have had a full recovery from the acute vascular injury as judged by renal function and protocol biopsies at 6-12 months.
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Tumor necrosis factor Longitudinal plot of serum Cr in the 10 recipients of combined kidney/bone marrow transplantation. Each one except #1 experienced a transient episode of renal dysfunction in the second to third week, here termed the engraftment syndrome (ES). Patient #3 lost the graft due to acute humoral rejection and #8 developed thrombotic microangiopathy. Cell quantitation statistics for the engraftment syndrome (ES) and the following controls: acute cellular rejection, type II (ACR2), acute tubular injury (ATI), and normal (Nml), with respect to the number of cells positive for Ki67, CD68, and CD3 in the glomeruli, tubules, and interstitium, respectively. Lines and numbers denote statistically significant relationships and the corresponding p value. ES is distinguished from ACR2 by increased CD3 + , Ki67 + and CD68 + cells in glomeruli and decreased CD3 + , Ki67 + and CD68 + cells in tubules, as well as decreased numbers of CD3 cells in PTC/interstitium. ES is distinguished from ATI by increased CD3 + , Ki67 + cells in glomeruli, and from normal kidneys by the same as well as CD68 + cells in the PTC/interstitium. Fluorescence in situ hybridization (FISH) of ES biopsies to determine the origin of the leukocytes in the capillaries. All cells stain for recipient type DNA. In the upper panel the donor was male and recipient female. All of the CD45 + cells stain for XX and none for XY. CD45 − cells are largely donor type (tubules, endothelium). In the lower panel, the donor was female and recipient male, and all the CD45 + cells are positive for XY, and none for XX. CD45 (yellow), X chromosome (green), Y chromosome (red) and DAPI nuclear stain (blue). No acute graft dysfunction. 2 Retransplanted under conventional therapy and stable at 6 yrs.
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